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Abstract of EP1 304450 

An engine including an engine oil return passage 
for returning engine oil from a cylinder head side 
to an oil pan (5) has: a balance shaft (13L, 13R) 
forming a balancing system (4) for said engine; 
and a housing (14U, 14L) disposed below a 
crankshaft (1) for accommodating rotatably 
therein said balance shaft (13L, 13R). A part 
(142) of said engine oil return passage is 
provided in said housing (14U, 14L) 
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(54) Balance shaft, housing for balance shaft and engine oil return passage 



(57) An engine including an engine oil return pas- 
sage for returning engine oil from a cylinder head side 
to an oil pan (5) has: a balance shaft (13L, 13R) forming 
a balancing system (4) for said engine; and a housing 



(14U, 14L) disposed below a crankshaft (1) for accom- 
modating rotatably therein said balance shaft (13L, 
13R). A part (142) of said engine oil return passage is 
provided in said housing (14U, 14L) 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a balancing 
system for an engine, and more particularly to a housing 
adapted to be disposed within an oil pan for accommo- 
dating balance shafts, balance shafts for the balancing 10 
system which are each provided with a counterweight 
portion, and an engine oil return passage provided in 
the engine comprising below a crankshaft, a housing for 
accommodating rotatably therein balance shafts. 

15 

2. Description of the Related Art 

[0002] Abalancing system is publicly known in, for ex- 
ample, JP-A-2001-74104 in which balance shafts are 
disposed below a crankshaft in an oil pan, so that the 20 
rotation of the crankshaft is transferred to the balance 
shafts via a chain/sprocket mechanism or gear mecha- 
nism. 

[0003] Since the balance shafts in the balancing sys- 
tem are provided below an oil level within the oil pan, 25 
the balance shafts are entirely covered with a housing 
in order to eliminate any inconveniences that would be 
caused by the agitation of oil by the balance shafts. In 
addition, since a large amount of oil remaining within the 
housing constitutes rotational resistance against the 30 
balance shafts, oil remaining within the housing must be 
discharged as soon as possible, and the above Japa- 
nese Unexamined Patent Publication discloses a con- 
struction in which oil within the housing is discharged by 
the rotating balance shafts. 35 
[0004] In the prior art construction, however, since the 
oil discharge ports are constituted by slits formed in the 
joint surface between the upper and lower housing, the 
slits are submerged below the oil level, when this con- 
struction is adopted in an engine which is installed such *o 
that axes of cylinders are inclined relative to an orienta- 
tion which is normal to an axis of the crankshaft, and 
hence it is conceivable that oil flows back into the hous- 
ing. 

[0005] In order to secure the designed amount of oil 
to be discharged with the oil discharge ports being pro- 
vided at positions that are not submerged below the oil 
level or in the upper housing, the area of the discharge 
ports has to be increased. However, such a construction 
tends to reduce the rigidity of the upper housing. so 
[0006] Further, a balancing system is disclosed in 
JP-B-3-18761U in which balance shafts each provided 
with a counterweight portion are disposed below a 
crankshaft. 

[0007] With the balance shafts disclosed in the Japa- ss 
nese Examined Utility Model Publication, thrust support- 
ing faces provided at a journal portion of each of the 
balance shafts for restricting axial movements of the bal- 



ance shaft are designed to slidably contact with end fac- 
es of an opening in a bearing hole. In addition, It Is known 
that thrust supporting faces are integrally formed on the 
balance shafts in order to reduce the number of compo- 
nents. 

[0008] Incidentally, since the thrust supporting faces 
integrally formed on the journal portion are naturally giv- 
en a larger diameter than that of the journal portion, ac- 
cording to the above construction, irrespective of the po- 
sition of the weight, a part of the thrust supporting face 
situated on the opposite side of the balance shaft to the 
side thereof where the weight is provided becomes like 
a flange, and an outer circumferential side of the part 
comes to have a cantilever-like construction. Thus, the 
rigidity of the thrust supporting face at the part tended 
to be insufficient. 

[0009] Moreover, while engine oil which has been 
used to lubricate and cool a valve train provided on a 
cylinder head is returned to an oil pan via a return pas- 
sage provided in a cylinder block or the like, it is prefer- 
able that return oil is prevented from contacting the 
crankshaft which rotates at high speed within a crank- 
case in order that atomized oil is not mixed in blow-by 
gas. 

[001 0] There are known as a method for this purpose 
a construction in which a pipe extending to below an oil 
level in the oil pan is connected to a downstream end of 
a return passage provided in a cylinder block and a con- 
struction in which a return passage extending to the vi- 
cinity of an oil level is provided in a crankcase (JP-A- 
61-113910U). 

[0011] According to the conventional constructions, 
with the construction utilizing the pipe, since the pipe 
comprising a separate member is required, the number 
of components is increased, and moreover, the number 
of man hours for mounting the pipe is also increased. In 
addition, with the construction in which the return pas- 
sage is provided in the crankcase, since a mold for the 
crankcase becomes complicated, an increase in man 
hours for production is called for, and on top of that, the 
degree of freedom in setting the position for the oil dis- 
charge port becomes low, and it is difficult to provide the 
oil discharge port at a position where the oil discharge 
port is always allowed to be submerged below the oil 
level irrespective of a change in vehicle posture or driv- 
ing condition. 

SUMMARY OF THE INVENTION 

[001 2] The invention was made to solve the problems 
inherent in the prior art. 

[0013] A first object of the invention is to provide a 
housing for balance shafts which can restrain the de- 
crease in rigidity of the upper housing while securing the 
area of the oil discharge ports and which is improved 
such that oil is difficult to contact the balance shaft. 
[0014] A second object of the invention Is to provide 
balance shafts for a balancing system for an engine 
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which are improved so as to increase the rigidity of the 
flange-like thrust supporting faces. 
[001 5] A third object of the invention is to provide bal- 
ance shafts for a balancing system for an engine which 
are improved so as to suppress an increase in weight 
due to reinforcement to a minimum level. 
[0016] A fourth object of the invention is to provide an 
engine oil return passage which is constructed to be 
formed without calling for increases in the number of 
components and man hours for production. 
[0017] In addition, a fifth object of the invention is to 
provide an engine oil return passage which is construct- 
ed such that an oil discharge port can be provided at a 
position which is not affected by changes in vehicle pos- 
ture and driving condition. 

[0018] With a view to attaining the object, according 
to a first aspect of the invention, a housing (14U, 14L) 
for balance shafts adapted to be disposed within an oil 
pan (5) for accommodating therein balance (13L, 13R) 
shafts comprises an upper housing (14U) and a lower 
housing (1 4L) which are divided vertically along a plane 
parallel to. axes of the balance shafts, and oil discharge 
ports (44a, 44b) and vertical walls (47) are provided on 
the upper housing which vertical walls (47) are provided 
so as to extend from portions at inner edge portions of 
the oil discharge ports which extend in parallel with the 
axis of the balance shaft toward a joint surface thereof 
with the lower housing. 

[0019] According to the construction, since not only 
can the decrease in rigidity of the upper housing be re- 
strained while securing the area of the oil discharge 
ports but also the contact of oil flowing in from the oil 
discharge ports to the balance shafts can be restrained 
by the vertical walls, no increase in rotational resistance 
can be called for. 

[0020] According to a second aspect of the invention, 
the vertical wails extend to reach the joint surface with 
the lower housing. 

[0021] According to the construction, not only can the 
decrease in rigidity of the upper housing be restrained 
further but also the contact of the oil flowing in from the 
discharge oil ports to the balance shaft can be restrained 
further. 

[0022] According to a third aspect of the invention, 
there are provided within the housing two balance shafts 
which have different heights from each other relative to 
an oil level and which are parallel to each other, the ver- 
tical walls are formed on a side of the upper housing 
where one of the balance shafts is disposed which is 
easier to contact oil flowing in from the oil discharge 
ports, and at least part of an oil inlet passage (a tubular 
passage 26) communicating from an oil strainer to an 
oil pump is provided in the lower housing on a side there- 
of where the other of the balance shafts is disposed in 
such a manner as to extend in parallel with the axis of 
the balance shaft. 

[0023] According to the construction, not only can the 
rigidity of the upper housing on the side thereof where 



the one of the balance shafts is disposed be increased 
to thereby increase the supporting rigidity of the one of 
the balance shafts but also the contact of oil flowing in 
from the oil discharge ports to the one of the balance 

5 shafts can be prevented. In addition, the rigidity of the 
lower shaft on the side thereof where the other of the 
balance shafts is disposed can be increased by the oil 
inlet passage to thereby increase the supporting rigidity 
of the other balance shaft. 

10 [0024] According to a fourth aspect of the invention, 
ribs (46) are formed on an upper face of the upper hous- 
ing which are parallel to the axis of the balance shaft 
and which connect, respectively, to the vertical walls. 
[0025] According to the construction, the rigidity of the 

15 upper housing can be largely increased to thereby in- 
crease further the supporting stability of the balance 
shaft, and at the same time oil remaining on the upper 
surface of the upper housing can be restrained from en- 
tering the interior of the housing from the oil discharge 

20 ports. 

[0026] According to a fifth aspect of the invention, 
there are provided balance shafts (13L, 13R) for a bal- 
ancing system (4) for an engine each having flange-like 
thrust supporting faces (1 9) which are integrally formed 

25 on a journal portion (16c) for restricting axial movements 
of a counterweight portion (17) and which each have a 
larger diameter than that of the journal portion, the bal- 
ance shafts each having ribs (21) connected, respec- 
tively, to backs of the flange-like thrust supporting faces 

30 and extending in an axial direction on an opposite side 
to a side where the counterweight portion is provided. 
[0027] According to the construction, since the rigidity 
of the flange-like thrust supporting faces in a radial di- 
rection can be increased, a highly accurate thrust con- 

35 trol can be implemented. In addition, since the ribs con- 
nected, respectively, to the backs of the thrust support- 
ing faces are caused to extend in the axial direction, an 
increase in weight on the opposite side to the side where 
the counterweight portion is provided can be sup- 

40 pressed. 

[0028] In addition, according to a sixth aspect of the 
invention, in a construction as set forth in the fifth aspect 
of the invention, the journal portion is provided at an ax- 
ially central portion of the counterweight portion , andthe- 

45 flange-likethrustsupportingfacesareintegrally formed at 
axial ends of the journal portion. According to the con- 
struction, since the rigidity of the journal portion to which 
a largest load is applied can be increased, the stable 
support of the balance shafts can be attained. In addi- 

50 tion, in a case where lubricating oil is supplied to the 
journal portion, since lubricating oil is held by the flange- 
like thrust supporting faces, the lubricating effect on the 
journal portion is improved. 

[0029] Furthermore, according to a seventh aspect of 
55 the invention, the ribs are constructed to connect the 
two journal portions situated at the axial ends of the 
counterweight portion. According to the construction, 
since the rigidity between the journal portions can be 
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increased, the diameter of a shaft portion can be re- 
duced while obtaining a desired rotational mass to 
thereby suppress an increase in weight. 
[0030] According to an eighth aspect of the invention, 
in addition to a construction as set forth in the seventh 
aspect of the invention, the height of the rib is construct- 
ed to be gradually reduced so that there is provided a 
valley at an axialty intermediate portion of the rib. Ac- 
cording to the construction, the stress distribution can 
be normalized to thereby suppress further the increase 
in weight 

[0031] According to a ninth aspect of the invention, 
part (a downstream portion 142) of an engine oil return 
passage for returning engine oil from a cylinder head 
side to an oil pan (5) is provided in a housing (14U, 14L) 
provided blow a crankshaft (1) for accommodating ro- 
tatabty therein balance shafts (13L, 13R). 
[0032] According to the construction, it is possible to 
form the engine oil return passage which opens below 
the oil level in the oil pan without calling for increases in 
the number of components of the engine itself and man 
hours for production. 

[0033] According to a tenth aspect of the invention, 
the housing comprises an upper housing and a lower 
housing which are divided vertically, and part (grooves 
42b, 42c) of the return passage is formed in a joint sur- 
face between both the housings. 
[0034] According to the construction, the passage can 
be laid out relatively easily so that the oil discharge port 
can be positioned at an optional position, and moreover, 
since the momentum of return oil can be reduced, en- 
gine oil within the oil pan is allowed to be kept unstirred. 
[0035] According to an eleventh aspect of the inven- 
tion, an oil discharge port (143) of the return passage 
opens at a position adjacent to a suction port (29) of an 
oil strainer (25) provided on a bottom of the housing. 
[0036] According to the construction, it is possible to 
provide the oil discharge port at the position where the 
oil discharge port is allowed to be always submerged 
below the oil level irrespective of a change in vehicle 
posture or driving condition. 

[0037] In particular, according to a construction in 
which a portion (a tubular portion 1 44) where the oil dis- 
charge port opens is directly connected to an oil strainer 
mounting portion (28) which is integrally formed on the 
bottom of the housing (a twerfth aspect of the invention), 
can the oil discharge port be free from being affected by 
changes in vehicle posture and driving condition, but al- 
so the rigidity of the portion where the oil discharge port 
opens can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] 

Fig. 1 is a front sectional view showing a main part 
of an engine to which first and second embodiments 
of the invention is applied with the main part being 



partially cut; 

Fig. 2 is a side sectional view taken along the line 
ll-ll in Fig. 1; 

Fig. 3 is a side view showing a single balance shaft 
5 of the first embodiment which is partially cut; 

Fig. 4 is a partial side view showing another form of 
the balance shaft; 

Fig. 5 is a side view, partially cut, showing a stili an- 
other form of the balance shaft; 
to Fig. 6 is a bottom view of a balancing system of the 
first embodiment; 

Fig. 7 is a top view of an upper housing of the bal- 
ancing system of the first embodiment; 
Fig. 8 is a sectional view taken along the line VIII-VI- 
15 n in Fig. 7; 

Fig. 9 is a sectional view taken along the line IX-fX 
in Fig. 7; 

Fig 1 0 is a bottom view of a lower housing of a bal- 
ancing system of the second embodiment; 
Fig. 11 is a bottom view of an upper housing of the 
balancing system of the second embodiment; 
Fig. 12 is a plan view of the lower housing of the 
balancing system of the second embodiment; 
Fig. 1 3 is a partial sectional view bf a third bearing 
wall of the second embodiment; and 
Fig. 14 is a partial sectional view of the second em- 
bodiment taken along the line XIV-XI V in Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 



[0039] The invention will be described in detail below 
with reference to the accompanying drawings. 



[0040] As shown in Figs. 1 and 2, this engine E is an 
in-line four-cylinder engine of the first embodiment in 
which a crankshaft extends in a horizontal direction, in- 
cludes a cylinder block 2, a lower block 3, . a. balancing 
system 4 and an oil pan 5, and is installed on a vehicle 
body such that the axes of cylinders are inclined relative 
to an orientation which is normal to the axis of the crank- 
shaft 1 . 

[0041] The balancing system 4 is constructed to re- 
duce secondary vibrations that are caused by the recip- 
rocating motion of the pistons and is fastened to a lower 
surface (below of the crankshaft 1 ) of the lower block 3 
which inclines downwardly in a leftward direction (here- 
inafter, leftward and rightward directions are referred to 
as respective directions relative to a crank pulley) with 
through bolts B1 which are inserted from below into left- 
and right-side end portions thereof with the balancing 
system 4 being encompassed by the oil pan 5. This bal- 
ancing system 4 is constructed so as to be driven to ro- 
tate by the rotational force of the crankshaft 1 which is 
transmitted via a large sprocket 7 fixed to a back side of 
the crank pulley being a front end portion of the crank- 



25 



30 EMBODIMENTS 



35 < First embodiment 



40 



45 



50 



EP~T304 450 



Page 5 of 2< 



7 

shaft 1 (hereinafter, a crank pulley side is referred to as 
a front side), a small sprocket B fixed to a front end of a 
left-side balance shaft (which will be described in detail 
later) and a link chain 9 extended between both the large 
and small sprockets 7, 8. 

[0042] The balancing system 4 includes a pair of left 
and right balance shafts 13L, 13R which are substan- 
tially of a similar configuration, and an upper housing 
1 4U and a lower housing 1 4L which are vertically divid- 
ed into two halves along a plane passing through cent- 
ers of both the left and right balance shafts 13L, 13R (a 
plane parallel to axes of the balance shafts) such that 
these two balance shafts 13L, 13R are supported and 
accommodated in parallel with each other at positions 
which are different in height from each other relative to 
an oil level. 

[0043] Both the balance shafts 13L, 13R are inter- 
locked with and connected to each other through helical 
gears 15 (only one of which is shown) which are inte- 
grally connected to the respective balance shafts 13L, 
1 3R. Here, as has been described above, the rotational 
force of the crankshaft 1 is transmitted to the left balance 
shaft 13L via the large sprocket 7, the small sprocket 8 
and the link chain 9, whereby the left balance shaft 1 3L 
is driven to rotate at twice the rotating speed of the 
crankshaft 1 in the same direction as that in which the 
crankshaft 1 rotates. Then, the right balance shaft 13R 
is driven to rotate in an opposite direction to the rotating 
direction of the balance shaft 13L through mesh en- 
gagement of the helical gears 15. 
[0044] On both the balance shafts 1 3L, 1 3R, first and 
second journal portions 16a, 16b of a relatively small 
diameter are integrally formed ahead of the helical gear 
15 and third and fourth journal portions 16c, 16d of a 
relatively large diameter are integrally formed rearward 
of the helical gear 15. In addition, counterweight por- 
tions 17 are integrally formed on rear-side portions of 
the respective balance shafts 13L, 13R which counter- 
weight portions have centers of gravity which deviate 
radially outwardly from the center of rotation and are di- 
vided into two halves in such a manner as to hold ther- 
ebetween the third journal portion 16c. In other words, 
the third journal portion 16c is provided at an axially cen- 
tral portion of the two counterweight portions 1 7 which 
are provided to align in series. 

[0045] Large-diameter flange portions 1 B are formed 
on confronting end portions of the front and rear coun- 
terweight portions 1 7 which hold therebetween the third 
journal portion 16c. Thrust supporting faces 19 are 
formed on confronting end faces of the respective flange 
portions 18. Thus, according to the construction in which 
the flange portion 1 6 which supports a thrust load is pro- 
vided at the axial ends of the third journal portion 16c, 
when lubricating oil is supplied to the third journal portion 
1 6c, since lubricating oil so supplied is held by the thrust 
supporting faces 1 9, this contributes to the improvement 
in lubricating effect on the journal portion. 
[0046] As shown also in Fig. 3, shaft portions 20 of 



8 

the counterweight portions 17 are made relatively small 
in diameter in order to obtain a desired equivalent rota- 
tional mass with the counterweight portions 17 being 
made as small as possible. Then, not only to compen- 

5 sate for the decrease in rigidity of the shaft portions 20 
resulting from the decrease in diameter thereof but also 
to compensate for the rigidity of the thrust supporting 
faces 1 9 with respect to the radial direction, ribs 21 are 
provided on an opposite side of both the shaft portions 

10 20 to a side thereof where the counterweight portions 
1 7 are provided so as to extend along the full length of 
the respective counterweight portions 17 in such a man- 
ner as to connect axially between the back of the thrust 
supporting face 19 at the flange portion 18 provided on 

15 a front side of the third journal portion 1 6c and a mount- 
ing portion of the helical gear 1 5, as well as between the 
back of the thrust supporting face 1 9 at the flange por- 
tion 1 8 provided behind the third journal portion 1 6c and 
the fourth journal portion 16d. Thus, according to the 

20 construction in which the ribs 21 are connected to both 
the flange portions 1 8 provided at the axial ends of the 
third journal portion 1 6c to which the largest load is ap- 
plied, since the rigidity of the relevant journal portion is 
increased largely, the construction can contribute to the 

25 stable support of the respective balance shafts 13L, 
13R. 

[0047] As shown in Fig. 4, while the rib 21 may con- 
nect substantially linearly circumferential edges of the 
journal portion 1 6 and the flange portion 1 8 which cor- 

30 respond to each other, in order to suppress an increase 
in weight due to the provision of the rib to a minimum 
level and normalize the stress distribution, as shown in 
Figs. 1 and 3, the rib 21 is preferably formed into a ta- 
pered configuration in which the radial dimension there- 

35 of reduces as the rib 21 extends toward the axial center 
of each counterweight portion 1 7. 
[0048] In this connection, the thickness (a dimension 
with respect to an orientation normal to the axis) of the 
ribs connected to the flange portions 18 provided at the 

40 axial ends of the third journal portion 16c is preferably 
limited to a minimum level as required in order to sup- 
press the increase in weight, and while making the thick- 
ness of the ribs 21 smallerthan the thickness (a dimen- 
sion with respect to an orientation along the axis) of the 

^5 flange portions 1 8 contributes to the reduction in weight, 
in order to compatibly realize the increase in rigidity and 
suppression of increase in weight, it is optimum that the 
thickness of the flange portions 1 8 is made substantially 
identical to the thickness of the ribs 21. In addition, as 

50 shown in Fig. 5, in the event that the rib 21 is constructed 
to be connected to the outermost circumference of the 
flange portion 1 8, the rigidity of the flange portion 1 8 can 
further be increased. 

[0049] Furthermore, while there may occur as a mat- 
55 ter of convenience a necessity that the weights of the 
counterweight portions 17 at both the ends of the third 
journal portion 1 6c are differentiated from each other de- 
pending upon the displacement or entire construction of 
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an engine, as this realty occurs, making the height and/ 
or thickness of the rib on the heavier counterweight por- 
tion larger than those of the rib on the lighter counter- 
weight portion is effective in increasing the strength of 
the thrust supporting face to which a larger thrust load 
is applied. 

[0050] On the other hand, the respective journal por- 
tions 1 6a to 1 6d of both the balance shafts 1 3L, 1 3R are 
supported by first to fourth bearing holes 22a to 22d 
which are each divided into two halves which form the 
bearing hole when both the upper and lower housings 
14U, 14L are jointed together 

[0051] The respective journal portions 16a to 16d of 
both the balance shafts 13L, 13R are placed on the 
halves of the respective bearing holes 22a to 22d which 
are situated on the lower housing 14L side, and in this 
state, with the remaining halves of the respective bear- 
ing holes 22a to 22d which are situated on the upper 
housing 1 4U side being aligned with the respective jour- 
nal portions 16a to 16d of both the balance shafts 13L, 
13R, both the upper and lower housings 14U, 14L are 
jointed together, whereby both the balance shafts 13L, 
13R are accommodated rotatably in both the housings 
14U, 14L. Then, the thrust supporting faces 1 9 are con- 
structed to come into abutment with the front and rear 
end faces of a bearing wall 23c in which the third bearing 
hole 22 is formed, respectively, to thereby support the 
thrust force. 

[0052] As shown in Figs. 2 and 6, both the upper and 
lower housings 14U, 14L are fastened together with a 
plurality of bolts B2 which are passed through the upper 
housing into the lower housing from above at appropri- 
ate positions and three bolts B3 which are passed 
through the lower housing at each of the respective 
bearing walls 23c, 23d where the third and fourth bear- 
ing holes 22c, 22d are formed, respectively, into the up- 
per housing from below, so that a loose joint becomes 
difficult to occur at, in particular, the bearing walls 23c, 
23d to which radial acceleration due to the rotation of 
the counterweight portions 1 7 is applied. 
[0053] A pump housing 24 is bolted to a front end face 
of the lower housing 14L in which a trochoid type oil 
pump (not shown) is accommodated for sending oil un- 
der pressure to respective portions of the engine. This 
oil pump (not shown) is provided at an axial end of the 
right balance shaft 13R, so that oil within the oil pan 5 
is drawn in from an oil strainer 25 attached to a bottom 
wall of the lower housing 14L via a tubular passage 26 
provided in a wall on one side of the lower housing 1 4L 
as the right balance shaft 1 3R rotates for sending under 
pressure oil so drawn in to the respective portions of the 
engine. 

[0054] Amounting boss 28 for a strainer cover 27 for 
holding the oil strainer 25 is formed integrally on the low- 
er housing 14L at a position below a side of the lower 
housing 14L where the lower one of the two balance 
shafts or the left balance shaft 13L is situated. This 
mounting boss 28 is generally formed into a cylindrical 



shape. The center of the mounting boss 28 is disposed 
between two of the bolts for fastening the upper housing 
14U and the lower housing 14L together; one of the two 
bolts is provided between the two balance shafts 13L, 
s 13R and the other bolt is provided outwardly of the left 
balance shaft 13L which is situated on the lower side. 
An outer circumferential portion of the mounting boss 
28 connects to the bearing wall 23c where the half of 
the third bearing hole 22c which is situated at a longitu- 
10 dinally intermediate portion of the lower housing 14L is 
provided. Accordingly, the rigidity of the bearing wall 23c 
forfastening the upper housing 1 4U and the lower hous- 
ing 14L is attempted to be increased. 
[0055] The tubular passage 26 formed integrally in the 
is wall on the one side of the lower housing 1 4L in such a 
manner as to extend in parallel with the axis of the left 
balance shaft 13L terminates at a joint surface of the 
lower housing 1 4L with the pump housing 24 at one end . 
Thus, the rigidity of the lower housing 1 4L is attempted 
20 to be increased by integrally forming the hollow tubular 
passage 26 in the wall of the lower housing 14L on the 
side thereof where the left balance shaft 1 3L is situated. 
[0056] A fastening boss 30 through which the fasten- 
ing bolt B1 for the lower block 3 is passed is provided at 
25 a position adjacent to a side of the terminating end por- 
tion of the tubular passage 26, and the provision of the 
fastening boss 30 contributes to increasing the fasten- 
ing rigidity of the balancing system 4 to the lower block3. 
[0057] As has been described above, the oil strainer 
30 25 is directly attached to the bottom wall of the lower 
housing 14L at the position below the lower left balance 
shaft 1 3L of the two balance shafts, and a centra! portion 
of the oil strainer 25 is disposed generally directly below 
a position adjacent to a vertical plane passing through 
35 the center of the crankshaft 1 or the center of gravity of 
the engine E. Thus, an inlet port 29 of the strainer cover 
27 is situated at a position in a bottom -most portion of 
the oil pan 5 where there is least chance that the oil level 
changes without expanding the strainer mounting boss 
^0 28 largely downwardly. Consequently, even if the oil lev- 
el changes due to longitudinal accelerations or centrif- 
ugal forces that would occur while the vehicle is running, 
there is no risk that the suction of oil is deteriorated. 
[0058] As shown in Figs. 7to 9, left longitudinally elon- 
43 gated oil discharge ports 41 are provided in the upper 
housing 14 on the left side of the left balance shaft 13L 
so as to extend along the axis of the balance shaft be- 
tween the second bearing wall 23b and the third bearing 
wall 23c and between the third bearing wall 23c and the 
so fourth bearing wall 23d. These left oil discharge ports 
41 are each divided into a plurality of portions in a lon- 
gitudinal direction by ribs 42 which then connect left and 
right inner edges of the plurality of portions. 
[0059] Thus, the provision of the oil discharge ports 
« 41 having desired areas in the longitudinal direction sup- 
presses the decrease in rigidity of the upper housing 
14U by connecting the inner edges of the oil discharge 
ports 41 by the ribs 42. 
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[0060] Two linear ribs 43a, 43b are provided so as to 
extend along both left and right side edge portions of the 
left oil discharge ports 41 . These ribs 43a, 43b connect 
between the second bearing wail 23b and the third bear* 
ing wad 23c and between the third bearing wall 23c and 
the fourth bearing wall 23d and contribute to increasing 
the rigidity of the second to fourth bearing walls 23b to 
23d. In addition, the left-side ribs 43a protrude upwardly 
to be above the oil level OL of oil stored in the oil pan 5 
so that oil in the oil pan 5 is prevented from flowing into 
the housing 14U, 14Lfrom the left oil discharge ports 41 . 
[0061] Right front elongated oil discharge port 44a is 
provided in the upper housing 14U on the right-hand 
side of the right balance shaft 13R between the second 
bearing wall 23b and the third bearing wall 23c along 
the axis of the balance shaft. In addition, right rear slight- 
ly wider oil discharge port 44b is provided between the 
third bearing wall 23c and the fourth bearing wall 23d. 
These oil discharge ports 44a, 44b are partitioned at in- 
termediate portions thereof by ribs 45a, 45b, respective- 
ly. 

[0062] Longitudinal ribs 46 are provided so as to ex- 
tend along left side edges of the right oil discharge ports 
44a, 44b which extend along the axis of the balance 
shaft. The rigidity of the upper housing 1 4U is attempted 
to be increased by the longitudinal ribs 46, and oil re- 
maining on the upper surface of the upper housing 1 4U 
is restrained from falling into the housing from the right 
oil discharge ports 44a, 44b. 

[0063] The longitudinal ribs 46 connect to vertical 
walls 47 which extend from portions of the left side edge 
portions of the right oil discharge ports 44a, 44b which 
extend in parallel with the axis of the balance shaft to a 
position which reaches a joint surface with the lower 
housing 14L. The decrease in rigidity of the upper hous- 
ing 1 4U is attempted to be suppressed by these vertical 
walls 47 while securing the areas of the right oil dis- 
charge ports 44a, 44b. In addition, the vertical walls 47 
prevent the direct contact of oil flowing in from the right 
oil discharge ports 44a, 44b to the right balance shaft 
13R which is provided at a higher position where the 
contact of the balance shaft to oil is made easier, where- 
by oil does not constitute rotational resistance against 
the right balance shaft 1 3R and the atomization of oil is 
not promoted. 

[0064] Thus, the provision of the oil discharge ports 
41 , 44a, 44b which open upwardly in the upper housing 
14U allows oil remaining at the bottom of the lower hous- 
ing 14L to be scooped upwardly by the counterweights 
17 as both the balance shafts 13L, 13R rotate (in direc- 
tions indicated by arrows in Fig. 2) to be discharged out 
of the housing 1 4U, 1 4L from the oil discharge ports 41 , 
44a, 44b so formed. 

[0065] Ribs 49 are provided so as to extend on both 
left and right side edges of the upper housing 14U for 
connecting the bosses 30 through which the bolts B1 for 
fastening the balancing system 4 to the lower block 3 
are passed, so that not only the fastening rigidity of the 



balancing system 4 to the lower block 3 is increased but 
also the penetration of oil splashing within the oil pan 5 
into the respective oil discharge ports 41 , 44a, 44b is 
prevented. 

5 

<Second embodiment 

[0066] A description will be given of an in-line four- 
cylinder engine of the second embodiment with refer- 
to ence to Figs. 1 , 2, 1 0 to 1 4. The second embodiment is 
different from the first embodiment in structure of the up- 
per and lower housings. Thus, the same reference num- 
bers as the first embodiment designate the same mem- 
bers, and the detailed description thereof is omitted. 

15 [0067] An axial oil path 32 extending generally parallel 
to the axis of the balance shaft is provided to be re- 
cessed, respective ly, in joint surfaces of left side walls 
31 U, 31 L of both the upper and lower housings 14U, 
14L, as shown in Figs. 11 and 12. Then, diametrical oil 

20 paths 33b to 33d which branch off from the axial oil path 
32 along the diametrical direction of the balance shafts 
and reach the second to fourth bearing holes 22b to 22d 
are provided to be recessed in joint surfaces of the sec- 
ond to fourth bearing walls 23b to 23d which correspond 

25 to the respective bearing holes. 

[0068] The front diametrical oil path 33b is provided 
to be recessed in the second bearing wall 23b on the 
upper housing 14U so as to connect between through 
holes H2 for bolts B2 for fastening together both the up- 

30 per and lower housings 1 4U , 1 4L via inner circumferen- 
tial surfaces of the left and right bearing holes 22b. Then, 
an upper half 33c/U of the central diametrical oil'path is 
provided to be recessed in the third bearing wall 23c so 
as to connect between internally threaded holes T3 into 

35 which bolts B3 for fastening together both the upper and 
lower housings 14U, 14L are screwed via inner circum- 
ferential surfaces of the left and right bearing holes 22c. 
[0069] A lower half 33c/L of the central diametrical oil 
path is provided to be recessed in the third bearing wall 

40 23c on the lower housing 1 4L so as to connect between 
through holes H3 for bolts B3 for fastening together both 
the upper and lower housings 1 4U , 1 4L via inner circum- 
ferential surfaces of both the left and right bearing holes 
22c. Then, the rear diametric oil path 33d is provided to 

45 be recessed in the fourth bearing wall 23d in such a 
manner as to extend from an inner circumferential sur- 
face of the left bearing hole 22 to part of an inner cir- 
cumferential surface of the right bearing hole 22 d via the 
central bolt through hole H3. 

so [0070] These oil paths are each formed to have, for 
example, a semi-circular cross section during the cast- 
ing process of both the upper and lower housings 14U, 
1 4L, and in particular, the entirety of the axial oil path 32 
and part of the diametric oil paths 33b to 33d become 

55 generally holes having a round contour when both the 
upper and lower housings 14U, 14L are jointed together. 
[0071] A through hole 34 extending along the axis of 
the cylinder is provided to be opened in a right terminal 



7 



13 



EP 1 304 450 A2 



14 



end of the central diametric oil path 33 provided in the 
third bearing wall 23c on the upper housing 14U so as 
to communicate with an engine oil supply passage (not 
shown) formed in the lower block 3 when the upper 
housing 14U is jointed to the lower face of the lower 
block 3, and as shown in Fig. 13, engine oil flowing into 
the central diametric oil passage 33c from the lower 
block 3 is partially supplied from an oil hole 36 opened 
in a metallic bearing 35 mounted to the third bearing hole 
33c to a sliding contact surface with the third journal por- 
tion 1 6c while the remaining engine oil Hows into the ax- 
ial oil passage 32 and is then divided into the front and 
rear diametric oil paths 33b, 33d in the second bearing 
wall 23b and the fourth bearing wall 23d. 
[0072] Engine oil that has reached the front diametric 
oil path 33b is then partly supplied, as in the same man- 
ner as described above, to a sliding contact surface with 
the second journal portion 1 6b from an oil hole opened 
in a metallic bearing mounted to the second bearing hole 
22b on the upper housing 14U side, and thereafter, the 
engine oil is supplied to the first bearing hole 22a via a 
connecting path 37 constituted by a drilled hole from the 
left bearing hole 22b/L in the second bearing wall 23b. 
in addition, the remaining engine oil flows out of a drilled 
hole 38 opened from the joint surface with the pump 
housing 24 in the lower housing 14L in such a manner 
as to communicate with a terminal end En of the front 
diametric oil path 33b to be supplied to a chain tensioner 
(not shown) that is provided ahead. 
[0073] Engine oil that has reached the rear diametric 
oil path 33d is supplied, as in the same manner as de- 
scribed above, to a sliding contact surface with the 
fourth journal portion 16d from an oil hole opened in a 
metallic bearing mounted to the fourth bearing hole 22d 
on the lower housing 14L side. 

[0074] On the other hand, a return passage 41 as cast 
is formed in an axially central portion of the crankshaft 
1 in the cylinder block 2 and the lower block 3 for return- 
ing engine oil from the cylinder head side to the oil pan 
5. This return passage 41 opens in the lower surface of 
the lower block 3 arid is connected to a passage (which 
will be described in detail later) internally formed in the 
upper housing 14U and lower housing 14L of the bal- 
ancing system 4 jointed to the lower surface of the lower 
block 3. 

[0075] As shown in Fig. 14 as well, formed in the up- 
per housing 14U are a vertical hole 142a which pene- 
trates vertically at a connecting portion between a left 
end of the third bearing wall 23c and the left wall 31 U 
and a groove 1 42b having a semi-circular cross section 
which originates at a lower end of the vertical hole 1 42a 
to extend forward on the joint surface with the lower 
housing 14L. The vertical hole 1 42a is provided at a po- 
sition which connects to a lower-end opening of the re- 
turn passage 142a in the lower block 3. 
[0076] On the left side wall 31 L of the lower housing 
1 4L, a groove 1 42c having a semi-circular cross section 
which aligns with the groove 142b in the upper housing 



1 4U is formed in a joint surface with the upper housing 
14U, and a vertical hole 142d which originates from a 
front end of the groove 1 42c and penetrates vertically is 
formed in a thicker portion of the left side wall 31 L. The 
5 opening of this vertical hole 1 42d or an oil discharge port 
1 43 is provided so as to open at a lower end of a tubular 
portion 144 directly connected to a left side portion of 
the strainer cover mounting portion 28 integrally formed 
on the lower housing 14L, in other words, at a position 
10 situated adjacent to the left to a suction port 29 formed 
in the strainer cover 27 holding the oil strainer 25, where- 
by since the oil discharge port 143 can be provided at a 
position allowing the oil discharge port 143 to be sub- 
merged below the oil level OL at all times even if there 

15 occurs a change in vehicle posture or driving condition, 
the mixing of air with engine oil within the oil pan 5 can 
be prevented. Moreover, since the tubular portion 144 
is made integral with the strainer cover mounting portion 
28, high rigidity can be obtained, and since the lower 

20 end face is allowed to extend the same position as that 
of the strainer cover mounting portion 28, the strainer 
cover mounting portion 28 and the opening surface of 
the tubular portion 144 can be machined simultaneous- 
ly, thereby making it possible to avoid an increase in 

25 man hours for machining. 

[0077] These vertical holes 142a, 142d and the 
grooves 142b, 142c are constructed so as to form a 
downstream portion 1 42 functioning as part of an engine 
oil return passage that is bent in a crank-like fashion to 

30 communicate vertically in the balancing system 4 when 
both the upper and lower housings 14U, 14L are jointed 
together, and engine oil flowing in from the cylinder head 
via the return passage 141 provided in the lower block 
3 is designed to be returned into the oil pan 5 via the 

35 downstream portion 142 of the return passage. 

[0078] As has been described heretofore, since the 
downstream portion 142 of the return passage is bent 
in the crank-like fashion by the grooves 142b, 142c 
formed in the joint surfaces of both the upper and lower 

40 housings 14U, 14L, the open end of the vertical hole 
142d in the lower housing 14L or the oil discharge'port 
1 43 can be disposed at an appropriate position after the 
vertical hole 142a in the upper housing 14U is provided 
at a position which' connects to the opening in the lower 

45 block 3. In particular, the oil discharge port 143 can be 
provided at a position where it is allowed to be sub- 
merged below the oil level OL at all times irrespective 
of vehicle postures or driving conditions by placing the 
oil discharge port 143 adjacent to the suction port 29 in 

50 the strainer cover 27 provided at a position on a bottom- 
most portion of the oil pan 5 where the variation in oil 
level is minimum. 

[0079] In addition, even if engine oil flows in vigorous- 
ly from the lower block 3 side, since the momentum of 
55 the flow is reduced when the flow strikes against the 
groove 42c in the lower housing 14L and the rate at 
which engine oil flows out from the oil discharge port 
143 is lowered, there is no risk that engine oil stored 
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within the oil pan 5 is stirred, and in addition to the fact 
that the oil discharge port 143 is submerged below the 
oil level OL at all times, it is possible to cause no incon- 
venience that engine oil is bubbled by air incorporated 
thereinto. s 
[0080] Further, the suction port 29 provided in the bot- 
tom face of the housing 14L and a lower end portion of 
the oil discharge port 1 43 of the return passage are pro- 
vided in the same plane which is normal to the axis of 
the balance shaft 13L. This structure also can reduce 10 
the momentum of the flow, whereby there is no risk that 
engine oil stored within the oil pan 5 is stirred. 
[0081 ] The tubular passage 26 formed in the housing 
14L for establishing a communication between said oil 
strainer 25 and an oil pump and the return passage are ts 
provided at different positions with respect to the axis of 
the balance shaft 13L to have a gap G v Since both the 
passages do not overlap each other on the plane which 
is normal to the axis of the balance shaft, there is no risk 
that the construction of the return passage becomes 20 
complicated, and the reduction in rigidity of the housing 
1 4L can be suppressed. 

[0082] In addition, an oil strainer mounting surface 
provided on the bottom surface of the housing 14L is 
formed in a circular shape, and the center C 1 of the oil 25 
strainer mounting surface and the center C 2 of the lower 
end portion of the return passage deviate from each oth- 
er in an axial direction of the balance shaft 13L to have 
a gap G 2 . Therefore, the amount in which the return pas- 
sage protrudes in a direction normal to the axis of the 30 
balance shaft 13L can be reduced. 
[0083] Further, the vertical hole 142a of the return 
passage and the balance shaft bearing portion 23c are 
provided on the same plane which is normal to the axis 
of the balance shaft. According to this structure, since 35 
the rigidity of the balance shaft bearing portion 23c is 
high , the decrease in rigidity that would occur due to the 
provision of the return passage can be suppressed. 
[0084] Since the return passage formed in the joint 
surfaces also extends in the axial direction of the bal- 40 
ance shaft, the amount in which the return passage pro- 
trudes in a direction normal to the axis of the balance 
shaft can be suppressed. 

[0085] Moreover, the return passage is provided on 
the balance shaft side of a fastening portion 1 50 for fas- *s 
tening said housing to a cylinder block or a lower block 
along said fastening portion 150. Thus, the amount in 
which the return passage protrudes outwardly can be 
suppressed. 

[0086] The return passage (the oil discharge port 1 43) so 
is provided in an area A between said fastening portion 
150 and an oil strainer mounting portion 28 provided on 
the bottom surface of the lower housing 14L. Since the 
area A between the fastening portions and the oil strain- 
er mounting portion is used effectively, not only can the ss 
enlargement of the housing but also the decrease in ri- 
gidity of the housing can be suppressed. 
[0087] As has been described heretofore, conven- 
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tionally, since the part of the thrust supporting face 
formed at the flange portion having the larger diameter 
than that of the journal portion which is situated on the 
opposite side of the balance shaft to the side thereof 
where the counterweight portions are provided has the 
cantilever-like construction on the outer circumference 
side thereof, the rigidity thereof tended to be insufficient. 
However, according to the first aspect of the invention, 
since the ribs are provided which are connected to the 
backs of the thrust supporting faces at the flange por- 
tions to extend in the axial direction on the opposite side 
of the balance shaft to the side thereof where the coun- 
terweight portions are provided, the rigidity of the thrust 
supporting faces with respect to the radial direction can 
be increased. Consequently, according to the first as- 
pect of the invention, there is provided a great advan- 
tage in performing a highly accurate thrust control. 
[0088] In addition, according to the second aspect of 
the invention, in addition to the construction as set forth 
in the first aspect of the invention, the journal portion is 
provided at the axially central portion of the counter- 
weight portion, and the flange-like thrust supporting fac- 
es are integrally formed at the axial ends of the journal 
portion. According to the construction, since the rigidity 
of the journal portion to which the largest load is applied 
can be increased, the stable support of the balance 
shafts can be attained. In addition, in a case where lu- 
bricating oil is supplied to the journal portion, lubricating 
oil so supplied is held by the flange-like thrust supporting 
faces, the lubricating effect on the journal portion is im- 
proved. 

[0089] In particular, according to the construction in 
which the two journal portions situated at the axial ends 
of the counterweight portion are connected together by 
the ribs (the construction as set forth in the second as- 
pect), since the rigidity between the journal portions can 
be increased, the increase in weight can be suppressed 
by reducing the diameter of the shaft portions while ob- 
taining the desired rotational mass. Furthermore, ac- 
cording to the construction of the third aspect in which 
the height of the rib is reduced such that there is provid- 
ed a valley at the axially intermediate portion of the rib, 
the stress distribution can be normalized to thereby sup- 
press the increase in weight further. Consequently, ac- 
cording to the constructions described above, there is 
provided a great advantage that the increase in weight 
due to reinforcement can be suppressed to a minimum 
level. 

[0090] In addition, according to the fourth aspect of 
the invention, since the vertical wails extend from the 
portions of the inner edge portions of the oil discharge 
ports formed in the upper housing which extend in par- 
allel with the axis of the balance shaft toward the joint 
surface with the lower housing, there is provided an ad- 
vantage that the decrease in rigidity of the housing can 
be suppressed while securing the areas of the oil dis- 
charge ports, and on top of that, since the contact of oil 
flowing in from the oil discharge ports to the balance 



EP 1 304 450 A2 



9 



BP 1 304 450 



Page 10 of 24 



EP 1 304 450 A2 



18 



17 

shaft is prevented by the vertical walls so formed, there 
is also provided an advantage that the increase in rota- 
tional resistance can be suppressed. 
[0091] In addition, according to the fifth aspect of the 
invention, since the vertical walls extend as far as the s 
position where they reach the joint surface with the lower 
housing, not only can the decrease in rigidity of the up- 
per housing be suppressed further but also the contact 
of oil flowing in from the oil discharge ports to the bal- 
ance shaft can further be suppressed. 10 
[0092] Furthermore, according to the sixth aspect of 
the invention, since the two balance shafts which are 
different from each other in height relative to the oil level 
are provided in parallel with each other in the housing, 
the vertical walls are formed on the upper housing on is 
the side thereof where the one of the balance shafts is 
situated which is easier to contact oil flowing in from the 
oil discharge ports, and the oil inlet passage is provided 
in the lower housing on the side thereof where the other 
balance shaft is situated in such a manner as to extend 20 
in parallel with the axis of the balance shaft, there are 
provided not only an advantage that the rigidity of the 
upper housing on the side thereof where the one of the 
balance shafts is situated is increased to thereby in- 
crease the supporting rigidity of the one of the balance 25 
shafts but also an advantage that the contact of oil flow- 
ing in from the oil discharge ports to the one of the bal- 
ance shafts is prevented. On top of this, there is provid- 
ed another advantage that the rigidity of the lower hous- 
ing on the side thereof where the other balance shaft is 30 
situated is increased by the oil inlet passage to thereby 
increase the supporting rigidity of the other balance 
shaft. 

[0093] Moreover, according to the seventh aspect of 
the invention, since the rigs which extend in parallel with 35 
the axis of the balance shaft and connect to the vertical 
walls are formed on the upper surface of the upper hous- 
ing, there is provided an advantage that the rigidity of 
the upper housing can be largely increased to thereby 
increase further the supporting stability of the balance 40 
shafts, and at the same time there is also provided an 
advantage that oil remaining on the upper surface of the 
upper housing can be prevented from entering the inte- 
rior of the housing from the oil discharge ports. 
[0094] Further, according to the eighth aspect of the 45 
invention, since the part of the return passage for return- 
ing engine oil from the cylinder head to the oil pan is 
provided inside the balancing system, there is provided 
a great advantage in reducing the number of compo- 
nents of the engine itself, as well as man hours for pro- so 
duction. 

[0095] In addition, according to the ninth aspect of the 
invention, since the part of the return passage is formed 
in the joint surfaces of both the upper and lower hous- 
ings, the degree of freedom in setting the oil discharge 55 
port can be increased, and additionally the rate at which 
return oil flows out can be lowered. 
[0096] Furthermore, according to the tenth aspect of 



the invention, since the oil discharge port is disposed 
adjacent to the suction port of the oil strainer, there is 
provided a great advantage in making it difficult for the 
oil discharge port to be affected by changes in vehicle 
postures or driving conditions. In particular, according 
to the fourth aspect of the invention wherein the opening 
of the oil discharge port is directly connected to the oil 
strainer mounting portion integrally formed on the bot- 
tom of the housing, there are provided advantages not 
only that the oil discharge port can be made difficult to 
be affected by changes in vehicle postures or driving 
conditions but also that the rigidity of the portion where 
the oil discharge port opens can be enhanced. 
[0097] An engine including an engine oil return pas- 
sage for returning engine oil from a cylinder head side 
to an oil pan (5) has: a balance shaft (1 3L, 1 3R) forming 
a balancing system (4) for said engine; and a housing 
(14U, 14L) disposed below a crankshaft (1) for accom- 
modating rotatabfy therein said balance shaft (13L, 
13R). A part (142) of said engine oil return passage is 
provided in said housing (14U, 14L) 



Claims 

1. An engine including an engine oil return passage 
for returning engine oil from a cylinder head side to 
an oil pan (5), comprising: 

a balance shaft (13L, 13R) forming a balancing 
system (4) for said engine; and 
a housing (14U, 14L) disposed below a crank- 
shaft (1) for accommodating rotatably therein 
said balance shaft (13L, 13R), 

wherein apart (142) of said engine oil return 
passage is provided in said housing (14U, 14L). 

2. The engine according to claim 1 , wherein said hous- 
ing comprises an upper housing (14U) and a lower 
housing (14L) which are divided vertically, and 

wherein a part (1 42b, 1 42c) of said return pas- 
sage is formed in a joint surface between both said 
housings (14U, 14L). 

3. The engine according to claim 1 or 2, wherein an oil 
discharge port (143) of said return passage opens 
at a position adjacent to a suction port (29) of an oil 
strainer (25) provided on a bottom face of said hous- 
ing. 

4. The engine according to claim 3, wherein a portion 
(144) in which said oil discharge port (143) opens 
is directly connected to an oil strainer mounting por- 
tion (28) which is integrally formed on the bottom 
face of said housing. 

5. The engine according to any one of claims 1 to 4, 
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wherein a tower end face of said return passage and 
an oil strainer mounting face provided on the bottom 
face of said housing are situated at the same posi- 
tion. 

5 

6. The engine according to any one of claims 1 to 5, 
wherein said suction port (29) provided in the bot- 
tom face of said housing and a lower end portion of 
said oil discharge port (143) of said return passage 
are provided in the same plane which is normal to to 
an axis of said balance shaft. 

7. The engine according to any one of claims 1 to 6, 
wherein a tubular passage (26) formed in said hous- 
ing for establishing a communication between said is 
oil strainer (25) and an oil pump and said return pas- 
sage are provided at different positions with respect 

to the axis of said balance shaft. 

8. The engine according to any one of claims 1 to 7, 20 
wherein said oil strainer mounting face provided on 

the bottom face of said housing is formed in a cir- 
cular shape, and 

wherein the center C, of said oil strainer 
mounting face and the center C 2 of the lower end 2s 
portion of said return passage deviate from each 
other in an axial direction of said balance shaft. 

9. The engine according to any one of claims 1 to 8, 
wherein said housing comprises an upper housing 30 
(14U) and a lower housing (14L) which are divided 
vertically along a plane parallel to the axis of said 
balance shaft (13L, 13R), 

wherein said upper housing (14U) comprises 
an oil discharge port (44a, 44b) and a vertical wail 35 
(47) provided so as to extend from a portion at an 
inner edge portion of said oil discharge port (44a, 
44b) which extends in parallel with the axis of said 
balance shaft (13L, 13R) toward a joint surface 
thereof with said lower housing (14L). <0 

10. The engine according to claim 9, wherein said ver- 
tical wall (47) extends to reach said joint surface 
with said lower housing (14L). 

45 

1 1 . The engine according to claim 9 or 1 0, wherein said 
balance shaft comprises two balance shafts (13L, 
1 3R) provided within said housing, said two balance 
shafts (13L, 13R) having different heights from each 
other relative to an oil level and being parallel to so 
each other, 

wherein said vertical wall (47) is formed on a 
side of said upper housing (14U) where one (13R) 
of said balance shafts is disposed which is easier 
to contact oil flowing in from said oil discharge port ss 
(44a, 44b), and 

wherein at least part of an oil inlet passage 
(26) communicating from said oil strainer (25) to an 
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oil pump is provided in said lower housing (14L) on 
a side thereof where the other (1 3R) of said balance 
shafts is disposed in such a manner as to extend in 
parallel with the axis of said balance shaft (13L, 
13R). 

12. The engine according to any one of claims 9 to 11 , 
wherein said upper housing (14U) has a rib (46) 
formed on an upper face thereof which is parallel to 
the axis of said balance shaft (1 3L, 1 3 R) and which 
connects to said vertical wall (47). 

13. The engine according to any one of claims 1 to 12, 
wherein said balance shaft (1 3L, 1 3R) has a flange- 
like thrust supporting face (19) which is integrally 
formed on a journal portion (1 6c) for restricting axial 
movements of a counterweight portion (17), said 
balance shaft (13L, 13R) having a larger diameter 
than that of said journal portion, 

wherein said balance shaft (1 3L, 1 3R) further 
includes a rib (21) connected to a back of said 
flange-like thrust supporting face (1 9) and extend- 
ing in an axial direction on an opposite side to a side 
where said counterweight portion (17) is provided. 

14. The engine according to claim 13, wherein said 
journal portion (1 6c) is provided at an axially central 
portion of said counterweight portion, and wherein 
said flange-like thrust supporting face (19) is inte- 
grally formed at an axial end of said journal portion 
(16c). 

15. The engine according to claim 13 or 14, wherein 
said journal portion (16c) is provided at axial ends 
of said counterweight portion (17), and 

wherein said rib (21) connects said two jour- 
nal portions (16b, 16c, 16d) situated at the axial 
ends of said counterweight portion (17). 

16. The engine according to claim 15, wherein the 
height of said rib is gradually reduced so as to define 
a valley at an axially intermediate portion of sard rib. 

17. The engine according to any one of claims 1 to 8, 
wherein at least part (142a) of said return passage 
and a balance shaft bearing portion (22b, 22c, 22d) 
are provided on the same plane which is normal to 
the axis of said balance shaft (13L, 13R). 

1 8. The engine according to claim 2, wherein the return 
passage formed in said joint surfaces extends in the 
axial direction of said balance shaft (13L, 13R). 

19. The engine according to any one of claims 1 to 18, 
wherein said return passage is provided on the bal- 
ance shaft side of a fastening portion (150) for fas- 
tening said housing to a cylinder block or a lower 
block along said fastening portion (150). 
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20. The engine according to claim 1 9, wherein said re- 
turn passage is provided between said fastening 
portion (150) and an oil strainer mounting portion 
(28) provided on the bottom face of said housing. 
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FIG. 6 
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